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Page  565. 

THE  EFFECT  OF  SYNDIOTACTIC  POLYMETHYL  METHACRYLATE  ON  THE  PROCESS  OF 
ANIONIC  POLYMERIZATION  OF  METHYLMETHACRYLATE. 

L.  K.  Golova,  Yu.  B.  Amerik,  B.  A.  Krentsel’. 

Dear  editor 


During  the  study  of  anionic  polymerization  of  methylmethacrylate 
(MMA)  in  solution  of  toluene  on  p in  presence  of  syndiotactic 
polymethyl  methacrylate  (PMMA  [  -  polymethyl  methacrylate])  we 

discovered  new  stereochemical  effects. 


As  is  known,  with  anionic  polymerization  of  MMA  in  solution  of 
toluene  is  formed  isotactic  PMMA  of  following  configuration 
composition:  1  =  70.  H  =  15,  S  =  9%  \ty{.  The  additions  of  the  preliminarily 
obtained  isotactic  samples  of  PMMA  do  not  have  an  effect  on  the 
structure  of  newly  forming  isotactic  PMMA  under  the  same  conditions  of 
polymerization.  On  the  contrary,  the  additive  of  syndiotactic  PMMA 
(l  =  2.6.  H  *=32.4.  s  =  65% ),  capable  of  forming  stereo-complex  with  isotactic 
PMMA  [2],  leads  to  a  substantial  change  in  the  polymerization  and 
structure  of  the  generatrix  of  polymer. 


With  high  concentrations  of  preliminarily  obtained  syndiotactic 
PMMA  (>20%)  in  solution  of  MMA  with  anionic  polymerization  in 
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presence  p-C,H,Li  atactic  polymer  is  formed.  With  the  concentrations 
of  syndiotactic  PMMA  <  10%  in  the  solution  in  the  mixture  of  toluene 
and  MMA  is  formed  PMMA  of  stereo-block  structure.  For  example,  with 
the  addition  of  1  g  of  syndiotactic  PMMA  to  the  mixture  of  toluene  (9 
g)  -  MMA  (1  g)  in  presence  of  p-C4H,Li  at  21°  is  formed  PMMA  of  the 
following  configuration  composition:  I  -  34.5,  H  -  13.6,  S  -  51.5%. 
During  the  addition  even  of  insignificant  quantities  of  syndiotactic 
PMMA  (MMA: nMMA  <  0.05)  the  speed  of  anionic  polymerization  of  MMA  in 
entire  interval  of  conversions  exceeds  the  speed  of  anionic 
polymerization  of  MMA  in  the  absence  of  PMMA. 

Thus,  in  the  case  of  adding  syndiotactic  polymer  to  reaction 
mixture  of  one  of  reasons,  which  have  effect  on  structure  of  newly 
forming  polymer,  is  capacity  of  isotactic  and  syndiotactic  sections  of 
chains  to  form  stereo-complex  [3]. 

Under  conditions  of  forming  stereo-complex,  apparently,  is 
possible  selective  solvation  of  counterions  by  sections  of 
syndiotactic  polymer  chains  with  formation  of  free  ions  how  is 
explained  generation  in  active  centers  of  syndiotactic  (atactic) 
sections  and  increase  in  general/common  speed  of  polymerization. 

It  was  received  by  the  editorial  staff  12  Mar.  1970. 
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Page  611. 

SYNTHESIS  AND  OXIDATIVE  DEHYDROPOLYCONDENSATION  OF  FORMALS  OF  TERTIARY 
ACETYLENE  ALCOHOLS. 

L.  A.  Akopyan,  S.  B.  Gevorkyan,  Ye.  G.  Kharatyan,  S.  G. 

Matsoyan. 

Earlier  was  shown  [1],  that  diacetylene  compounds  with  terminal 
tertiary  acetylene  groups  in  contrast  to  dipropargyl ic  derivatives 
during  oxidative  combination  form  exceptionally/exclusively  soluble 
fusible  polymers,  whose  basic  part  consists  of  cyclic  oligomers.  Was 
made  the  assumption  that  the  insolubility  of  the  polymers,  obtained 
from  the  diacetylenes  with  the  terminal  primary  acetylene 
(propargyl ic)  groups,  was  caused  by  side  oxidative  reaction  due  to  the 
active  hydrogen,  which  is  found  in  a-position  to  triple  bond  [1].  It 
was  interesting  to  study  oxidative  combination  of  a,  «-diacetylenes 
with  the  tertiary  acetylene  groups  based  on  the  example  of  the  new 
class  of  compounds. 

This  work  is  dedicated  to  synthesis  and  oxidative 
dehydropoly-condensation  of  formals  of  series/number  of  tertiary 
acetylene  alcohols:  dimethyl-,  methylethyl-, 
methyl-tert.butylethynylcarbinols  and  1-ethynylcyclohexanol . 

It  was  established  that  tertiary  acetylene  alcohols  during 
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boiling  in  solution  in  benzene  with  paraform  in  presence  of 
p-toluenesulfonic  acid  form  appropriate  formals  with  output/yield 
30-50%: 

2CH  s=  CCRfl'OH  +  CH:0  —  CH  =  CCRR'OClhOCRR'C  =  CH 

Table  1  gives  output/yield  and  properties  of  synthesized  formals 
of  tertiary  acetylene  alcohols,  used  for  obtaining  polymers  by  method 
of  oxidative  combination.  For  the  comparison  of  the  properties  of 
polymers  was  synthesized  also  acetal  with  the  primary  acetylene  group 
-  formal  of  propargylalcohol . 

Oxidative  dehydropolycondensation  was  conducted  in  pyridine  in 
presence  of  copper  monochloride  at  30°.  Oxygen  served  as  oxidizer. 
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Page  612. 


Table  1.  Formals  of  tertiary  acetylene  alcohols 
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Key:  (1).  Initial  monomer.  (2).  Output/yield.  (3).  Boiling 

point.  (4).  Sum  formula.  (5).  Analysis.  (6).  found.  (7). 
calculated. 


FOOTNOTE  1  .  According  to  data  [2]  .»2  mu..  ENDFOOTNOTE. 


Table  2.  Some  properties  of  synthesized  polymers. 
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Key:  (1).  Polymer,  No.  1 . 


FOOTNOTE  x.  The  numbers  of  polymers  correspond  to  the  numbers  of 
initial  monomers  in  Table  1.  ENDFOOTNOTE. 
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(2).  Output/yield  of  polymer.  (3).  Appearance  of  polymer.  (4).  in 
benzene.  (5).  Analysis.  (6).  ebull ioscopically .  (7).  on  end 

groups.  (8).  found.  (9).  calculated.  (10).  Red  powder-like. 

(11) .  Brown  3  rubberlike. 

FOOTNOTE  3.  Before  drying  out  polymers  were  white  color. 

ENDFOOTNOTE . 

(12) .  Orange  2  rubberlike.  (13).  White  powder-like.  (14).  Yellow 
powder-like. 

Page  613. 

Conducting  polycondensat ion  in  the  solution  in  the  pyridine  has  the 
advantage  that  the  solvent,  being  the  simultaneously  complex ing 
component,  equally  dissolves  well  both  the  monomers  and  products  of 
their  polycondensation.  The  obtained  polymers  weYe  thoroughly 
purified  by  repeated  settling  from  the  solutions  in  the  acid,  alkaline 
and  neutral  media;  the  absence  of  copper  in  the  polymers  was 
controlled  by  analysis.  Special  experiments  established  that  the 
obtained  poly-formals  under  the  conditions  for 

cleaning/decontamination  (processing/treatment  in  the  acid  medium)  do 
not  undergo  noticeable  hydrolysis. 

As  one  would  expect,  formals  of  tertiary  acetylene  alcohols  form 
soluble  fusible  polymers,  whereas  oxidative  combination  of  formal  of 
propargylalcohol  leads  to  formation  of  nonmelting,  undissolved  polymer 


DOC  =  87086900 


PAGE 


8 


[3].  It  is  interesting  to  note  that  the  latter  in  the  absence  of 
residual  copper  showed  disagreement  in  the  obtained  and  calculated 
values  of  carbon  content,  which  confirms  the  validity  of  assumption 
about  the  side  oxidative  reaction  due  to  hydrogen  of  methine  group. 

Table  2  gives  output/yield  and  some  physicochemical 
characteristics  of  synthesized  polymers.  As  can  be  seen  from  this 
table,  molecular  weights  of  the  polymers  of  formals  of 
methyl-tert .butylethynylcarbinol  and  1-ethynylcyclohexanol ,  determined 
ebull ioscopically  and  by  the  end  groups,  do  not  coincide,  moreover  in 
the  second  case  the  overstated  results  are  obtained.  This 
disagreement  we  have  noticed  also  on  the  polymers  a, 

7-di- (dimethylethynylmethyl )  ester/ether  of  glycerin  and  its  acetate 
and  is  explained  by  the  possible  cyclization  of  the  linear 
macromolecules . 

Experimental  part. 

Synthesis  of  formals  of  acetylene  alcohols.  In  the  flask/bulb, 
equipped  with  water  separator  of  Dean-Stark  and  reflux  condenser 
placed  0.2  moles  of  acetylene  alcohol,  50  ml  of  benzene,  3  g  of 
paraform  and  0.5  g  of  p-toluenesulf onic  acid.  They  boiled  reaction 
mixture  for  1  hour,  cooled  to  room  temperature,  treated  by  potash, 
filtered  and  precipitate  was  washed  in  dry  benzene.  Solutions  were 
united,  benzene  they  distilled  in  the  vacuum,  and  remainder/residue 
was  subjected  to  fractional  distillation. 
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Table  1  gives  output/yield  and  some  physicochemical  constants  of 
synthesized  formals. 

Oxidative  dehydropolycondensation  of  formals  of  acetylene 
alcohols.  In  the  three-necked  flask/bulb,  equipped  with  the 
mechanical  agitator,  reflux  condenser  and  bubbler,  were  placed  0.3  g 
of  copper  monochloride  and  30  ml  of  dry  pyridine.  Mixture  was  mixed 
before  the  complete  dissolution  of  catalyst  and  were  added  0.015  moles 
of  formal  of  acetylene  alcohol.  During  the  intensive  mixing  through 
the  reaction  mixture  at  30°  during  6  hours  they  drew  current  of  dry 
oxygen  with  a  velocity  of  45  cmVmin.  Polymer  was  thoroughly  purified 
by  settling  consecutively/serially  from  the  solution  in  the  pyridine 
by  water,  twice  of  dioxane <R  —  CH>*  R' ■* ch*  Wj»)  and  ethylacetate 
(R  =  CHj,  R'  =  C(CH,b,  r  + R' = -(CHi)3)  by  the  diluted  (1:10)  hydrochloric  acid, 
of  the  same  solutions  -  2%  KOH  and  latter/last  time  by  water. 

Undissolved  polymer  of  formal  of  propargylalcohol  was 
separated/liberated,  pouring  out  reaction  mixture  into  water,  they 
twice  treated  by  boiling  diluted  hydrochloric  acid  (1:10),  they 
thoroughly  washed  in  water.  Polymers  were  dried  in  the  vacuum  12  mm 
at  76°  (Table  2). 

Determination  of  molecular  weight  of  polymers.  The  measurement 
of  numerical  average  molecular  weight  was  conducted  in  the 
ebullioscope  of  the  construction/design  of  yard  in  the  benzene.  For 
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the  guarantee  of  the  accuracy  of  measurements  to  the  ebullioscope  was 
adapted  the  water  separator  of  Dean-Stark,  that  ensures  the 
self-purification  of  solution  from  the  water. 

Determination  of  molecular  weight  from  terminal  acetylene  groups 
was  conducted  by  graphic  method.  For  graphing  of  the  dependence 
between  the  concentration  of  acetylene  groups  and  the  integrated 
intensity  of  the  IR-spectrum  of  absorption  (strip  3310  cm*1)  as  the 
models  the  appropriate  monomers  were  used. 

Determination  of  temperature  of  vitrification  ( Te )  of  polymers. 
Determination  rc  of  the  obtained  polymers  was  conducted  in  the 
instrument,  designed  by  Tsetlin  et  al.  [4].  The  thermomechanical 
curves  of  polymers  are  taken  with  the  load  0.34  kgf/cm2  and  increase 
in  the  temperature  at  a  rate  of  75-80  deg/h.  rc  was  determined  by  the 
extrapolating  of  the  straight  portion  of  thermomechanical  curves  to 
the  axis  of  abscissas. 

Page  614. 

Conclusions/derivations . 

1.  Not  recorded  formals  of  series/number  of  tertiary  acetylene 
alcohols  are  synthesized  and  their  oxidative  dehydropolycondensation 
is  carried  out. 


2.  It  is  shown  that  in  contrast  to  dipropargyl ic  derivatives 


DOC  *  87086900 


PAGE 


11 


oxidative  combination  of  diacetylene  compounds  with  terminal  tertiary 
acetylene  groups  leads  to  soluble  fusible  of  polymer. 

Institute  of  organic  chemistry  of  AS  of  ArmSSR. 

It  was  received  by  the  editorial  staff  7  JULY  1969. 
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